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The NASA-JSC space medicine operations concept for in-flight medical care is based upon a robust preventative medicine program. Using current patient care guidelines, this approach best serves astronauts in space by reducing the likelihood of certain medical events occurring, for example myocardial infarction or stroke. Historically, no US crewmembers have suffered a serious medical injury while in-orbit.  However, despite the best preventive medical care practices, a few minor medical events have transpired requiring diagnosis and prompt treatment to minimize any potential impacts to the mission.
Some medical conditions are anticipated to occur in most crewmembers based on normal physiological adaptation to space flight, such as space motion sickness and back pain. Other instances, such as urinary retention, have been observed in both male and female crewmembers as a side effect of medications used to treat unrelated medical issues. 
Table 1 lists the most common medical conditions and incidence that have occurred in the US Space Program.

	Medical Condition
	Incidence 

	Space Motion Sickness
	56.0 (%)

	Space Adaptation Back Pain
	53.0 (%)

	Musculoskeletal Injuries
	8.28 (per person-yr)

	Urinary Retention
	1.67 (%)

	Skin Rashes
	3.29 (per person-yr)

	Headache
	57.0 (per person-yr)

	Eye Injury
	2.58 (per person-yr)

	Early insomnia
	35.0 (per person-yr)


Table 1. Inflight medical conditions and incidence in the US Space Program

The incidence rate entered into this table for musculoskeletal injuries is based on data recently published1. Space adaptation conditions such as space motion sickness and back pain are incidence proportions (% or events per person).  Non-space adaptation conditions, such as skin abrasions and musculoskeletal injuries, are incidence rates (events per person-yr) based on data generated in the Integrated Medical Model2.
So, who delivers on-orbit medical care? Currently, medical care for US astronauts on the Space Shuttle and International Space Station (ISS) is delivered by the astronaut crew medical officer (CMO). 

Trained physicians are not flown on every mission to space.  Thus, medically layman crewmembers are trained to perform a wide variety of medical procedures as CMOs.  Approximately 40 hours of medical training are provided, beginning with a simple introduction to the medical kits and treatment hardware available within their respective vehicles.  Additionally, they are familiarized with the medical checklist document which outlines a symptom-based approach to diagnosis and intervention.  
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Figure 1: Shuttle Medical Kit
Next, they are presented with diagnostic tools to quickly recognize symptoms of their fellow crewmembers.  After determining the main medical issue, the CMO is given methods to 1) obtain relevant information for relay to the ground support personnel and 2) provide remedial actions including, but not limited to, phlebotomy, intubation, CPR, catheterizations and suturing.  These techniques are primarily practiced in a classroom setting using high-fidelity mannequins for hands-on experience.  Further enhancement involves the CMOs observing and engaging in these same activities within an actual hospital environment.  With permission, CMOs practice a number of these newly learned medical skills on willing hospital patients.  Since the majority of their training might be performed several months prior to a crewmember’s launch date, these hands-on experiences provide the most efficient way to gain and retain the required knowledge.  
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Figure 2: Medical procedure training
On-orbit Care:
Once the crew is on-orbit, the CMO is remotely supported medical personnel within the Mission Control Center (MCC).  There is a wide range of support available, but the two main contributors are the flight surgeon (SURGEON) and biomedical engineer (BME).  The SURGEON is a trained and licensed physician, while the BME brings engineering knowledge for medical hardware support. 

A collaborative, team-based approach to medical care is employed for both short duration Space Shuttle and long duration ISS missions. Ground support schedules vary based on vehicle and mission length.  For Shuttle missions, a SURGEON is present on console whenever the onboard crew is awake, while BME supports 24 hours a day in case of emergencies during crew sleep periods.  The ISS support is similar, but slightly more liberal due to the length of the missions.  The SURGEON will sustain console for one shift as BME still maintains the 24 hour schedule on weekdays.  Both parties reduce console coverage to on-call status over the weekends; however the BME will aid in supporting the crew family conferences when necessary.    
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Figure 3: Author (Dr. Rick Scheuring) at the SURGEON console in Mission Control with Dr. JD Polk.
Regardless of the support schedules, Private Medical Conferences (PMCs) are regularly scheduled between the SURGEON and the onboard CMO. These conferences are held daily for Shuttle crew and weekly for ISS crews.  In case of an emergency, PMCs can be called at any time by the crew or those in MCC. The PMCs are conducted over a two-way private Space-To-Ground audio link.  If conditions warrant, electrocardiographic tracings or high resolution video may be down-linked for medical case management.

Depending on the experience level of the CMO, varying degrees of real-time consultation may be required to manage an onboard clinical issue. Routine intervention of intramuscular Phenergan for space adaptation syndrome or dispensing of Motrin for back discomfort would most likely be accomplished without SURGEON consultation. Instead, the CMO would simply report these events within the daily PMC. A more significant intervention, such as treatment of urinary retention, would be discussed with the SURGEON via a special request PMC.
A detailed log of administered medications is kept onboard and tracked by the CMO, with periodic reporting to the SURGEON. Some crews insist that the CMO be responsible for all medication distribution, while others simply ask that common medications be verbally reported, leaving medication logging to the CMO.
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Figure 4: Author (Dr. Scott Parazynski) dispensing medications on orbit
Major Medical Scenarios:

Regardless of the preventative medicine and screening, major medical emergencies related to the space craft environment need to be considered in addition to the more common conditions described above.  Although the likelihood is low, these events would have significant impact to crew health and the mission. Examples include decompression sickness (DCS), toxic exposures, blunt trauma, burns, and electrical shock. 

Historically, the US Space Program has never aborted a mission prematurely due to a major medical emergency. An ailing crewmember aboard the Shuttle or ISS would be treated in place prior to exposing the patient to the rigors of elevated gravitational forces during entry. If definitive treatment in place were not an option, i.e. a surgical emergency, efforts would be made to stabilize the patient (intravenous fluids, oxygen, pain medications, antibiotics) prior to return to Earth.
In an emergency, returning an incapacitated crewmember can be accomplished within several hours using the US Space Shuttle when docked to the ISS or the Russian Soyuz spacecraft. Delivery of continuing medical care during entry would be very challenging for two reasons: 1) bulky spacesuits that must be worn for crew protection and 2) tending to a patient while under forces of deceleration would complicate matters further. 

Thinking ahead to future Lunar and Mars exploration, where relatively rapid “medivac” from Low Earth Orbit is no longer an option, greater autonomy and capability to treat in place will become necessary. In addition to more extensive medical and surgical gear for these lengthy voyages, thought is being given to “telementoring” and “telepresence” to aid remote crews in more advanced interventions. 
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